ABSTRACT
Introduction
has defined a similar operation to the cross product, to a space of dimension n. In particular, for a 4-dimensional Cartesian space with Euclidean norm, we have the following results:
Given three linearly independent vectors, 1 F , 2 F and 3 F , such that e e e m n p q m n p q m n p q
being
The relationship between the norms of the vectors i F is given by: 
In (4),
 

Basic Properties of Vector Operators in Four Dimensions
Be summarized important properties about vector operators, here extended to four dimensions, with the objective of situate the reader on what is intended to present in Section 3. In these results, it is considered that   , , , 
The Gradient in Four Dimensions
It is valid the following elementary property:
The Divergence in Four Dimensions
considering that , , ,
It is valid the following elementary property: e n e p e q e     F , consider the vector product 
Relationship between the Gradient and the Divergence
It is important to note that this definition provides for the inclusion of two vector fields simultaneously in the calculations.
In the remainder of this paper, the vector field
F F is related to the ordered nature of the product of vector, and  characterizes its vectorial aspect (however, it should be noted that there is no relation with the usual cross product, defined in IR 3 ). In compact notation,   
The analogy with the curl is based on a symbolic notation, obtained based on structure of determinants and their relationship with the vector "Del". In subsequent section will be shown how this vector thus defined is associated to the rotational motion in four-dimensional space.
Rotational motion, here and in the remainder of this paper, should not be interpreted as a movement with real physical meaning, but only in the context of geometric relations between vectors. 
Properties of the
Corollary:
, , 1 2 3  4  3  4  2  1  1  2   2  4  3  1  1  3  1  4  3  2  2  3 ,
All vector functions present in these properties are such as in formulas (5) to (9). It properties as above has a clear parallel with the formulas involving the curl presented in [2] . Demonstrations (P4) to (P8) are elementary, simply by the development of both members of the equations. To check the properties (P9) and (P10), one must show first the following identity relating five vectors in space IR 4 : PROPOSITION Given the vectors A, B, C, D, E, then: 
AB CDE C A E B D D A C B E E A D B C C A D B E D A E B C E A C B D
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C A E B D D A C B E E A D B C C A D B E D A E B C E A C B D
From (12), and considering the product of vectors written in the order
L. SIMAL MOREIRA
OPEN ACCESS AM
132
By making the identifications 
Geometric Interpretations for Vector Ψ
For convenience of notation, we identify the four spatial coordinates in IR 4 by 1 x x  , 2 x y  , 3 x z  and 4 x h  .
The Angular Velocity
Consider, in IR³, the velocity , , ,
The objective is to define a geometrical framework that relates the vectors v ,  and r for the IR 4 , which is analogous to existing framework in IR 3 . The concept of rotation is presented here in a narrow sense. For a broader approach is recommended to consult [3, 4] .
According to [1] , to obtain the vector v from the vectors  and r in IR 
